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INTRODUCTION
Intermittent exotropia is the second most common type of strabismus (19%) and the most prevalent type of exotropia in childhood (52%) (1) . As with any type of strabismus, surgical intervention is directed toward preservation or restoration of binocular vision, prevention of amblyopia, as well as cosmesis. Many surgeons delay surgery in intermittent exotropia until 4 years of age or after, largely because of concerns that consecutive esotropia (even for a short period of time postoperatively) may lead to amblyopia and/or reduction of stereopsis in young patients (2) . Contrarily, some authors have argued that better results can be achieved when surgery is performed before 4 years of age (3, 4) .
In this study, we report the outcomes of patients undergoing surgical correction of intermittent exotropia and assess the association between age at surgery and motor and sensory success.
METHODS
This study was approved by the Institutional Review Board at the Children's Medical Center Dallas (TX, USA).
We reviewed the records of all patients undergoing primary surgery for intermittent exotropia at the Children's Medical Center Dallas over a 4-year period (January 2008 through December 2011), with a minimum follow-up of 3 years. All procedures were performed by two of the authors (Serena Wang or David Weakley). The patients' records were analyzed for the following parameters: (1) gender and race, (2) age at first visit and age at surgery, (3) cycloplegic refraction, (4) angle of exotropia at the time of surgery and at most recent follow-up, (5) type and number of procedures performed, and (8) visual acuity and stereopsis at the last visit. Patients were excluded if there was any prior strabismus surgery, no report of stereopsis, presence of other significant ocular comorbidity (e.g., cataract, optic nerve hypoplasia, laser-treated retinopathy of prematurity, etc.), or significant developmental delay or neurologic disorders.
RESUMO
The visual acuity at the most recent follow-up was tested using Snellen optotypes ("E" chart, numbers or letters) or Allen pictures, and acuities were converted to logMAR for statistical analysis. Stereoacuity was tested using the Titmus stereotest.
Amblyopia was defined as the difference of two lines or more (on an eye chart test of visual acuity) between the eyes.
Preoperative cycloplegic refraction was converted to the spherical equivalent and averaged between the eyes for statistical analysis. Hyperopia was defined as spherical equivalent refractive errors ≥2.00 D, astigmatism as cylinder refractive errors ≥0.75 D, and myopia as spherical equivalent refractive errors of -0.5 D or more (5) . Pre-and postoperative alignments were measured with alternate prism cover testing at near (33 cm) and at distance (6 m). The distance deviation was considered for the purpose of analysis. Burian's modification of Duane's classification for exotropic deviations was used (6, 7) . The presence of pseudo-divergence excess was tested using +3.00 D lenses during the near fixation measurements.
For the purpose of statistical analysis, motor success was defined as a postoperative horizontal deviation of ≤10 prism diopters (PD), and failure as those with >10 PD or those requiring a second procedure during the follow-up period. We attempted to determine whether the age at surgery is correlated with motor or sensory success or failure.
Data were analyzed using IBM SPSS Statistics v.20 (IBM Corp., Armonk, NY, USA). Quantitative variables were described as the mean, median, standard deviation, minimum, and maximum, and categorical variables were described as percentages.
Patients were divided into two groups based on their age at the first surgery (younger than 4 years vs. 4 years or older) and compared. Analysis of quantitative variables was performed using Student's t-test for independent samples or the Mann-Whitney U-test for non-parametric samples, where appropriate. Regarding dichotomous categorical variables, the groups were compared using Fisher's exact test. The association between quantitative variables was made by estimating Spearman's correlation coefficient. P-values less than 0.05 were considered statistically significant.
RESULTS
A total of 136 patients underwent surgery for intermittent exotropia during the study period, and all patients were followed up for at least 3 years. Eighteen patients were excluded, eight for other ocular anomalies, seven for no reported stereopsis, and three for significant neurologic deficits, resulting in 118 patients being included in the study. Seventy patients (59%) were female, 54 (45.8%) were Caucasian, 14 (11.9%) Black, 37 (31.4%) Hispanic, 6 (5%) were Asian, and 2 (1.7%) were from other ethnicities. The ethnicity was not reported for five patients.
Onset of drifting was reported at a mean age of 1.4 ± 1.9 years (range 0 to 8 years), and the mean age at the first visit was 3.6 ± 2.6 years (range 0 to 12.6 years). The mean time between the first visit and the surgery was 8.7 ± 13 months (range 0.1 to 79 months).
Intermittent exotropia of basic or pseudo-divergence excess type was present in 86% of the patients, 11% had divergence excess, and 3% had convergence insufficiency.
The mean spherical equivalent refractive error was 0.47 D ± 1.4 (range -3.00 to +5.00 D). The mean difference in spherical equivalent between the two eyes was 0.076 D. Five patients in each group had anisometropia of over 1 D. Twenty-five (21%) patients were pres cribed spectacles at the first visit, eight to treat myopia, one for hypermetropia, seven for hyperopic astigmatism, and nine for myopic astigmatism. There were no patients using minus lenses to control the exotropia.
The overall mean preoperative deviation was 30 ± 9 PD at distance and 27 ± 10 PD at near fixation ( Table 1) .
The mean age at surgery was 6.8 ± 2.6 years (range 8 months to 13 years). All patients underwent bilateral lateral rectus recession as the initial procedure, using standard surgical dosing as described by Parks (8) . The mean amount of recession performed in the first surgery was 6.3 ± 0.9 mm (range 4.25 to 8 mm).
At the most recent follow-up (mean age 4.5 ± 1.2 years, range 3 to 7 years), 64 of the patients (54%) had undergone only one procedure, 48 (41%) two procedures, 5 (4%) three procedures, and 1 (1%) four surgeries. The reoperation rate for the patients operated on before 4 years of age was 48% versus 42% for those operated on later (p 0.93).
Amblyopia was present in 11/118 (9.3%) of the patients. Overall, 11/118 (9%) of the patients required inferior oblique recession at some point during follow-up.
Overall, 41/118 (35%) achieved success with one procedure. Undercorrection was found in 96% (74) and overcorrection in 4% (3) of the unsuccessful cases after the first surgery. Satisfactory alignment at the last follow-up (<10 PD), including patients who underwent additional surgery, was achieved in 78/118 (66%) patients.
We evaluated the existence of any linear association between age at surgery and each of the quantitative variables included in the study. Table 2 lists the estimated angular coefficients in each model, with 95% confidence intervals (CIs).
For the variable preoperative deviation, for example, the null hypothesis of no association between preoperative deviation and age at surgery was rejected (p<0.0001). Thus, there is evidence that variation of age at surgery is associated with variation of preoperative deviation. For each month older at the time of surgery, there is a 0.11 PD lower variation on the preoperative distance deviation. It is estimated that 14.6% of the preoperative deviation variations can be explained by age at the time of surgery.
Postoperative stereopsis showed an inverse linear association with age at surgery (p<0.001) (relative risk [RR]: -0.69; 95% CI: -1.07 to -0.32; R 2 : 10.5%). For each month younger at the time of surgery, there was 0.69 s of arc worsening in the Titmus test. Tables 3 and 4 summarize the patients' general characteristics and motor and sensory outcomes, comparing the patients undergoing surgery prior to the age of 4 years (67 patients) and those undergoing surgery at the age of 4 years or older (51 patients).
There was no significant difference between the two groups in terms of success after the first surgery (p=0.69) or the need for addi- tional surgery (p=0.71). However, the chance of success at the last follow-up increased by 104% when the initial surgery was performed at a younger age (RR: 2.04; 95% CI: 1.21-3.46). We found no correlation between the immediate postoperative alignment in the first week and sensory outcome at the last visit when we separately analyzed the patients that were esotropic versus those that were orthophoric/exotropic in their first postoperative alignment (Table 5) .
Stereopsis was recorded at the last visit, when the mean age in the first and second groups was 6.9 and 11.1 years, respectively.
Survival analysis was performed using survival curves of the time from surgery to failure. We observed 77 unsuccessful cases, with the earliest and latest cases detected at 1.5 and 73 months after surgery, respectively. The longest follow-up was 83 months, and this case had a successful outcome. The mean time until the loss of success was 36.3 months (Figure 1 ).
DISCUSSION
The optimal timing of therapeutic intervention in intermittent exotropia is very controversial in the literature. The main concern in these cases is the preservation or restoration of stereopsis and cosmesis.
The reported surgical success rates with one procedure in intermittent exotropia vary widely, which is largely due to differences in surgical techniques, length of follow-up, age at surgery, preoperative deviations, and criteria of success. Our overall success rate was 35% with one procedure and 66% at the last follow-up. These low success rates when compared to other studies can be justified by the long minimum follow-up required (3 years or longer) and the success criteria that we adopted. Kang and Lee analyzed patients with a shorter minimum follow-up (6 months), and reported success in 83.33%, 66.67%, and 64.29% of patients with good, fair, and poor control before surgery (p=0.28) (9) . Keenan and Willshaw achieved favorable outcomes in a much higher percentage of children operated on for exotropia (93%); however, they defined success as a final alignment for near and distance fixation within ±10 D of orthotropia, or within ± 20 D of orthotropia with evidence of binocular single vision (10) . Pineles et al. analyzed the long-term outcomes of the surgical management of intermittent exotropia, and found results similar to ours (11) . With a minimum follow-up of 10 years, they found that, when using combined motor/sensory criteria for surgical success, 38% of the patients achieved an excellent outcome. Conversely, when only the motor criteria were used, 64% had an excellent outcome at the last follow-up, and 60% of the patients required at least one reoperation. In our series, 46% of the patients required more than one procedure. Despite the presence of good stereopsis, surgically corrected intermittent exotropes may show a gradual outward shift with time. We observed 77 unsuccessful cases during the study, with the earliest and latest unsuccessful cases detected at 1.5 and 73 months after surgery, respectively. The mean time until the loss of success was 36.3 months. Maruo et al. also showed a strong tendency (50.4%) for intermittent exotropia to recur and drift into permanent exotropia over at least 4 years of follow-up (12) . Two other studies included results on the survival analysis of patients with constant and intermittent exotropia, and estimated a mean time from surgery to recurrence of 68 and 48.3 months, respectively (13, 14) .
Many factors can lead to surgical failure, including stereopsis, amblyopia, and larger angles of deviation (15, 16) . Regarding stereopsis, Beneish and Flanders suggested that it is peripheral rather than central fusion that keeps the eyes well aligned after surgery and prevents the recurrence of exodeviation. They found that poor preoperative stereopsis combined with early overcorrection significantly improved the surgical success rate (17) . Many investigators agree that surgical treatment should be delayed until 4 years of age, because consecutive esotropia could potentially lead to amblyopia and affect stereopsis at a younger age (2) . Some authors found no significant difference in the results between early and late surgery (4) . On the contrary, others agree that even better results can be achieved when surgery is performed before 4 years of age (3) . In our study, no significant difference was found between the groups when amblyopia (p=0.341), success after the first surgery (p=0.698), and the need for additional surgery (p=0.712) were considered. However, we did find a higher chance of success at the last follow-up (104%) when surgery was performed at a younger age. Although the reoperation rate was also higher in this group (48% vs. 42% for the patients who underwent surgery later), the difference was not statistically significant (p=0.93). Maruo et al. also found that the rates of orthotropia or mini-microtropia were higher when the patients were operated before 3 years and after 11 years of age (12) . When comparing the postoperative alignment in the first week over all the patients, we failed to demonstrate any influence on the sensory outcome. Although the majority of the cases of unsatisfactory stereopsis were patients who had undergone surgery before 4 years of age, our data suggests that this may not be due to inadequate age at surgery, but rather, immaturity for performing the Titmus test (18) (19) (20) . The mean age when stereopsis was assessed was 7 and 11 years in children operated on before the age of 4 years and at 4 years or older, respectively. Interestingly, worse stereopsis was also found in those who presented ortho-or exotropia at the first postoperative visit in the younger group.
A limitation of our series is that the control grade of the intermittent exotropia and the quality of life score were not reported. In basic intermittent exotropia, better control grade is usually accompanied by better stereoacuity and a higher surgical success rate (9) . The majority of unsatisfactory outcomes in our study were undercorrections; however, patients with residual exotropia over 10 PD and with good control grades were not referred for additional surgery even though they were not classified as successful outcomes.
In intermittent exotropia, one of the most important indications for surgical intervention is an increasing tropia phase (1) . Younger children tend to be referred for surgery when they have a poor control grade, usually worse than the grade considered for surgery in older children. In our series, the preoperative deviation was significantly worse in the younger group (p<0.001).
In this study, patients with unsatisfactory motor results had similar preoperative deviations, and none of the possible associated factors evaluated had any significant effect on success.
CONCLUSIONS
Patients with intermittent exotropia can be operated upon safely under 4 years of age, and may even present better motor results than older patients. However, they need to be followed closely. Stereoacuity was found to be worse in children who underwent surgery at a younger age; however, this finding is unlikely to be due to inadequate age for surgery, but rather, immaturity for performing the stereopsis test, as worse stereopsis results were also found in those who presented ortho-or exotropia at the first postoperative visit.
